Background: Population mail-out bowel screening programs are a convenient, cost-effective and sensitive method of detecting colorectal cancer (CRC). Despite the increased survival rates associated with early detection of CRC, in many countries, 50% or more of eligible individuals do not participate in such programs. The current study systematically reviews interventions applied to increase fecal occult blood test (FOBT) kit return, specifically in population mail-out programs.
Background
Colorectal cancer (CRC) is a leading cause of morbidity and mortality for men and women internationally, accounting for 9% of all cancer incidence and 8% of all cancer deaths [1] . For this reason, several nations throughout the world have implemented large-scale population CRC screening campaigns in order to increase early detection and thereby improve survival. One increasingly utilized method of conducting wide-spread CRC screening is to mail self-administered fecal occult blood test kits (hereon FOBT) to all older (and therefore at higher risk) adults (e.g., 50 -74 year olds) with instructions for stool sample collection and return. FOBT mail-outs are a convenient, cost-effective, and sensitive method of increasing early detection of CRC [2, 3] and participation in such programs is associated with earlier detection and reduced CRC mortality [4] [5] [6] [7] .
Unfortunately, despite the substantial increase in CRC survival rates associated with early CRC detection, individual participation (i.e., valid and complete kit return) remains below 50% in the majority of participating nations including Australia, France, Czech Republic, Germany, Latvia, and Croatia [8, 9] . For this reason, health professionals and researchers are experimenting with strategies to increase participation in mail-out FOBT screening campaigns. A systematic review of all the interventions that have been implemented to increase FOBT kit return, specifically in population mail-out screening programs, has not been reported. This study aims to determine which interventions are most supported in the literature and which have the largest effects. To do this, the current study systematically reviews all published studies where interventions have been applied to mail-out FOBT kits and kit return has been reported as an outcome.
Method

Search strategy
A systematic review was conducted to identify studies (published before the 10th of March 2018) in which an intervention to increase participation in a mail-out FOBT-based CRC screening program was assessed. The review methodology followed the PRISMA statement for the conduct and reporting of systematic reviews [10] (Fig. 1 contains PRISMA flow chart and PRISMA checklist is available as Additional file 1). The review protocol was registered with International Prospective Register of Systematic Reviews (PROSPERO); registration number CRD42017064652. Five electronic databases, PubMed, PsycINFO, Scopus, CINAHL, and ProQuest Dissertations and Theses A & I, and Google Scholar were searched using title, abstract, and keyword searches for terms such as "fecal (and faecal) occult blood," "FOBT," "uptake," "participation," and "compliance" (see Additional file 2 for precise syntax). The initial database search was conducted on 6 March 2017 by the first author. Hand searches for relevant articles were also conducted, through ancestral searching of the reference lists of included articles, as well as searching included articles in Google Scholar and using the "cited by" function. This exact search strategy was replicated by a second independent reviewer between the 17th and 31st of May 2017 with no new articles identified. The search was replicated a third time by a third reviewer (LM) between the 10th and 24th of March 2018 to ensure our results were as up to date as possible before publication, and two further studies eligible for inclusion were identified in this final search [16.45] . The search results detailed in the systematic review findings and the PRISMA flow chart in Fig. 1 reflect this latest search.
Study selection
To be included in the current review, articles needed to involve the implementation of a strategy to increase the return rate of FOBT kits in a postal CRC screening program. Only quantitative studies where the outcome variable was the return of FOBT kits were included. Articles were excluded if test kits were voluntarily requested, not routinely mailed to participants, where the return of FOBT kits was not reported separately from other methods of CRC screening, or if the data had been reported in another study already included in the review. Review articles, conference abstracts, and articles not available in the English language were also excluded. Full-text screening of potentially relevant articles was carried out using these criteria. As with the searches, an independent reviewer replicated this study selection protocol in May 2017 and a third reviewer (LM) conducted the study selection protocol again on the updated search results in March 2018. The results pertaining to the study selection detailed in the systematic review findings and the PRISMA flow chart in Fig. 1 reflect the latest search.
Analysis
Summary data was extracted for each intervention, including author, sample size, age and country of participants, intervention type, comparison group, and key findings. These are presented in Additional file 3. Unadjusted risk ratios (RR) and 95% confidence intervals (CI) for each intervention were calculated using raw, intention to treat (where available), uptake data provided within each article. The Cochrane Risk of Bias tool [11] was applied to each study by the first author, with outcomes replicated by an independent reviewer without discrepancy. Sources of bias such including, randomization, allocation, blinding, incomplete outcome data, and selective reporting were graded as low, high risk, or unclear for each study. Studies with at least one element assessed as high risk were rated as "high risk of bias" and studies with two or more elements assessed as unclear were rated as "unclear risk of bias," while the remainder of studies were rated as "low risk of bias." A total pooled effect size was calculated with the risk of bias as a moderator for a sensitivity analysis. Pooled effect sizes (RR) and 95% CIs are presented and compared for each intervention category with three or more studies. Data analysis was conducted in R using the Metafor package [12, 13] . Heterogeneity was assessed by calculating I 2 values. Due to variations in populations and implementation of interventions within each category, random effects models with restricted maximum likelihood estimation were utilized [14, 15] . Publication bias (and other small study effects) was assessed quantitatively via inspection of funnel plots and consulting Egger's regression test for funnel plot asymmetry.
Results
Systematic review
As detailed in Fig. 1 , 3213 records were identified in the initial search. After duplicates were removed, records were screened for relevance first by reviewing titles and abstracts, leaving 111 articles. This included an additional 10 records that were identified through hand searches during this process. From this, 81 articles were excluded based on the inclusion-exclusion criteria described above, leaving 30 for inclusion in the current systematic review. Study origins, dates, designs, effect sizes, and conclusions from 59 interventions within the 30 studies reviewed are detailed in the data extraction table Additional file 3. These studies originated from 10 different countries including Australia (n = 7), UK (Scotland, North Ireland, Wales, and England; n = 13), USA (n = 3), Netherlands (n = 4), Israel (n = 1), Spain (n = 1), and Latvia (n = 1). Sample sizes for each intervention ranged from 153 to 1,167,017 (median = 5000). As detailed in Table 1 , nine distinct intervention types were identified based on the strategies they employed.
Risk of bias
As detailed in Table 2 , studies were largely rated as having a low risk of bias (n = 29). Ten studies had an unclear risk of bias and four studies had a high risk of bias. Sixteen of the studies reviewed did not provide details within the manuscript regarding whether efforts were made to blind research personnel or participants to group allocation, and 1 study indicated that blinding of personal and participants did not occur. Ten studies neglected to report whether the group allocation process was concealed from research personnel and two studies indicated this did not occur. In 12 studies, it was unclear whether selective reporting had occurred as a clear outcome variable was not defined (e.g., whether participation was measured on an "intention to treat basis"). Eight studies did not describe the procedure for random allocation, while two studies indicated that participants were not randomly allocated to the intervention group. In terms of the separate interventions, 11 interventions came from high risk of bias studies, 22 from unclear risk studies, and 26 from low-risk studies. Risk of bias within each intervention type is reported within the systematic review findings and tabled in Additional file 3.
GP endorsement
Twelve interventions reported across six studies [16, 17, 27, 44, 46, 47] from Australia and the UK utilized GP endorsement. Eight of the interventions were from high risk of bias studies and four were from low-risk studies. Eight of these interventions were from two studies that trialed two interventions at four time points on the same sample (accounting for the large proportion of high risk of bias interventions in this group). Eight interventions tested the effect of an endorsement letter personally signed by the participant's GP, all of which were significantly effective in increasing screening uptake with effect sizes ranging from RR = 1.01 (CI = 1.01-1.02) to RR = 2.19 (CI = 1.67-2.87). The remaining interventions tested the effectiveness of including a letter from the GP practice (rather than from the specific GP) over four time points, showing a statistically significant positive effect on uptake at the first RR = 1.27 (CI = 1.12-1.44) and fourth RR = 1.19 (CI = 1.04-1.37) time point.
Behavior priming
Six interventions from five studies in Australia, UK, Israel, and the USA utilized behavior priming as an intervention strategy [18, 30, 33, 35, 48] . Two interventions were from low risk of bias studies and four were from the unclear risk of bias studies. Only one intervention, using an intention implementation technique, resulted in a significant increase in uptake of screening, RR = 1.05 (CI = 1.04-1.07). In this intervention, prewritten if-then statements regarding when, where, and how to take the test were included with the FOBT kit [48] . Interventions utilizing priming techniques such as advocacy from other people, information on risks, and the priming of anticipated regret did not yield significant effects.
Print materials
Eleven interventions from nine studies across Australia, the UK, and the USA added printed content to the screening kit [29, 31, 33, 35, 42, 43, 46, 47, 49] . Three of the interventions came from studies with an unclear risk and the remainder was from low-risk studies. One intervention that issued a leaflet with enhanced "easy to read" instructions and a CRC educational component showed a small significant increase in kit return [46] , RR = 1.12 (CI = 1.01-1.23). Another issuing an enhanced reminder letter [47] had a Where the text content within printed materials accompanying a kit were manipulated to prime or encourage screening behavior (e.g., priming regret, implying advocacy from others, setting intentions).
Added print materials 11
Where extra information in print format was added to the standard kit (e.g., educational booklets on CRC, or enhanced instructions).
Incentive 1
Where participants were offered an incentive to return completed kits.
Advance notification 4
Where letters notifying participants of the kit arrival were sent out prior to the kit.
Outdoor advertising 1
The placement of billboards or posters in public areas.
Simplified test 17
Where the FOB testing procedure itself was simplified or enhanced for the user (e.g., removing dietary restrictions or including collection papers).
Telephone contact 4
Where participants were contacted by telephone for the reminder and/or instruction purposes.
GP endorsement 6
Where the kit invitation included a letter from the participant's GP or GP practice.
Digital reminder 3
Where participants are sent either an SMS or email reminder to complete and return FOBT kit very weak significant positive effect of uptake, RR = 1.03 (CI = 1.01-1.05). Of the five interventions that involved sending CRC information booklets with kits, none showed a significant effect on uptake. Two interventions that included surveys into the invitation packs had no significant effect on uptake [35, 42] and the inclusion of narrative leaflets (n = 2) were associated with very small decreases in participation [31, 42] .
Simplified test procedures
Seventeen interventions from 12 different studies based in Australia, Netherlands, the UK, Latvia, and Spain involved simplifying test procedures [18, 21, 22, 26, 36, 37, 39, 40, 43, 45, 50] . Two of the interventions were from high-risk studies, nine were from studies with an unclear risk of bias, and six were from low-risk studies. The provision of an immunochemical (FIT) rather than a guaiac (gFOBT)-based test kit (usually involving fewer stool samples and/or the removal dietary restrictions) had a significant positive effect in all five trials, with effect sizes ranging from RR = 1.12 (CI = 1.11-1.13) to RR = 1.48 (CI = 1.41-1.55). Of the three interventions, that only removed dietary restrictions from kit instructions, two showed significant positive effects on uptake [18, 36] RR = 1.42 (CI = 1.09-1.83) and RR = 1.50 (CI = 1.27-1.76), whereas the other showed no significant effect [40] . Interventions that involved enclosing gloves with the stool collection kit [43] or providing a potentially superior brand of FIT kit [18, 37, 45] also yielded significant positive effects on kit return with effect sizes ranging from RR = 1.05 (CI = 1.01-1.10) to RR = 1.47 (CI = 1.28-1.68). Interventions that did not have significant positive effects on uptake included the issue of a kit where samples were self-analyzed at home and those where stools sample was collected using a or feces collection paper [21, 40] .
Telephone contact
Of the four interventions that applied telephone contact strategies (two each from two USA-based studies, one unclear and one low risk of bias) [33, 51] , three reported significant positive effects on uptake with effect sizes ranging from RR = 1.29 (CI = 1.12-1.49) to RR = 1.34 (CI = 1.13-1.60). These three studies included two live 30-day reminder telephone call interventions [33, 52] and one intervention where kit recipients received an instruction call to assist with completing the kit [33] . The telephone intervention that had no effect on uptake involved an automatic reminder phone call [51] .
Advance notification
Four interventions from four studies based in Australia, the UK, Latvia, and the Netherlands, issued advance notification letters to participants approximately 2 weeks prior to sending the invitation and FOBT kit [19, 29, 37, 38] . Two interventions from studies with an unclear risk of bias and two were rated as low. All had a significant positive effect on the uptake, with effect sizes ranging from RR = 1.06 (CI = 1.01-1.11) to RR = 1.22 (CI = 1.08-1.39).
Digital reminders
Three interventions utilizing digital reminders from two studies in the UK and the USA were identified where text messages or emails were sent to participants [51, 53] . None of these interventions were successful in significantly increasing participation. The two interventions utilizing text messages came from studies with a low risk of bias, whereas the email intervention was rated as a high risk of bias intervention due to non-random group allocation. Interventions using text messages did not show significant negative effects overall, but in a sub-sample of previous non-responders, a text message from a GP was associated with a significant increase in program uptake in one study [53] RR = 1.16 (CI = 1.02-1.32).
Other interventions
One intervention from a low risk of bias USA study offering small ($5-$10) monetary incentives to participants [23] did not report a significant increase in screening uptake, and one high risk of bias campaign involving outdoor advertising, posters, and GP and adverts on pharmacy bags [43] had a significant positive effect on uptake RR = 1.08 (CI = 1.05-1.14).
Meta-analysis
Pooled effect sizes for each intervention type (excluding those with only one intervention) were calculated and presented in Figs. 2 and 3 . When pooled effect sizes for each intervention type were compared, telephone contact RR = 1.23 (1.08-1.40) was associated with the highest increase in uptake, followed by GP endorsement RR = 1.19 (1.10-1.29), simplified test procedures RR = 1.17 (1.09-1.25), and advance notification RR = 1.09 (1.07-1.11). This translates to approximately 5 to 7% more kits being returned kits in intervention groups compared to reference groups. Forest plots for each intervention type are provided in Additional file 4.
Sensitivity analysis
The moderation effect of risk of bias was marginal (Q (2) = 5.54, p = .06) with interventions from the high risk of bias studies yielding a slightly higher effect RR = 1.20 (CI = 1.11-1.30) than interventions low-risk studies RR = 1.08. (CI = 1.03-1.13). The pooled RR of interventions from unclear studies RR = 1.08 (1.02-1.14) did not differ significantly from interventions from high or low-risk studies. The moderation effect of type of intervention was significant Q (9) = 78.41, p = .001. Interventions from studies with a high risk of bias were removed and pooled effects for each intervention type were recalculated. These effect sizes were almost identical, with the key exception that the pooled estimate for GP endorsement decreases to RR = 1.12 (1.02-1.24). Separate plots for each intervention type can be found in Additional file 4.
Post hoc meta-analysis including only these four intervention types showed that intervention type was not a significant moderator of effect size QM (3) = 1.46, p = 0.70, suggesting they are statistically, equally effective. Pooled effects of behavior priming RR = 1.00 (0.96-1.04) digital reminders RR = 0.94 (0.83-1.08), and print materials RR = 0.99 (0.97-1.01) were not significantly different from zero.
Heterogeneity
Without moderators in the model, heterogeneity was high, with 97.2% of dispersion attributable to between-study differences. Heterogeneity remained high within each risk of bias group, I 2 high = 80.01%, I 2 unclear = 98.54%, I 2 low = 93.14%. Heterogeneity levels varied widely between intervention types, ranging from I 2 = 98.5% and I 2 = 95.6% for simplified test procedures and GP endorsement respectively to I 2 = 1.1% for advance notifications. Added print materials and behavioral priming both had I 2 values of 85.5% while telephone contact and digital reminders were I 2 = 61.5% and I 2 = 53.9% respectively.
Publication bias
There was marginal evidence of publication bias t (57) = 2.07, df = 57, p = 0.04. The King et al. 1992 study trialing a GP endorsement was an outlier in terms of effect size (RR-2.19) and standard error (low). With this influence removed, publication bias decreased significantly t (56) = 1.94, p = 0.06. Publication bias within each intervention type was not evident (all ps < .05) except for GP endorsement t (10) = 6.07, p < .01. This was also likely due to the influence of the King et al. 1992 study. Pooled effect sizes from GP endorsement were presented with and without this intervention which also had a high risk of biased results according to the Cochrane Risk of Bias evaluation.
Discussion
Several effective intervention strategies for increasing kit return in mail-out, population-based FOBT programs were identified through this systematic review and metaanalysis. The evidence reviewed here provided support for the use of four key intervention strategies including advance notification, GP endorsement, telephone contact, and the simplification of testing procedures. These findings have implications for both policy change and practical program changes that may increase future uptake in population mail-out CRC screening campaigns.
Although there were no statistically significant differences in effectiveness between the four key identified strategies, interventions involving telephone contact were associated with the highest average increase in the rate of kit. Limited studies (n = 2) have trialed the use of telephone contact as an intervention strategy; however, the available evidence suggests that live phone calls with kit recipients are associated with the higher kit return. Automated phone calls, where the recipient is played a recorded message, are not [52] . Interestingly, other forms of automated contact such as email and text message reminders were also unsuccessful, in one instance leading to decreased participation [52] , suggesting that human interaction might be key to the effectiveness of personal reminders.
GP endorsement is a well-researched intervention strategy in terms of both the amount and consistency of evidence available, providing sound justification for its application in future CRC screening initiatives. Even when interventions from studies with high risk of bias were ignored, the inclusion of GP endorsement letter with the FOBT kit was associated with a modest, but significant, increase in kit return. These findings are not surprising considering GP information is the most frequently sought and trusted source of medical advice for most people [54] [55] [56] and the demonstrated positive effect of GP involvement in increasing cancer screening in general [57] .
According to the current review, telephone contact and GP endorsement are both promising strategies for increasing FOBT kit return, however, the underlying reasons for their success remain unknown. For example, GP endorsement may be effective due to the participant having a personal (i.e., face-to-face connection) with their GP, the respect they have for their GP, or due to the letter being personally signed by someone. In the current review, interventions where letters were signed by the GP (as opposed to the GP practice more broadly) demonstrated higher and more consistent positive effects on kit return. In conjunction with the finding that live telephone calls were more effective than automated reminders, this suggests that a key element of intervention success may be a personal or proximal connection with the sender/caller. However, the effectiveness of these strategies may also be moderated by factors such as participant trust in the organization contacting them or the degree to which they generally adhere to advice from health professionals. Studies reviewed here that reported on the effects of GP endorsement were conducted in communities where general practice is a strong component of the health system. In settings where this is not the case, the effectiveness of GP endorsement would likely be less, and endorsement of CRC screening may be more effective coming from other respected sources of health advice. Future qualitative and experimental research can help draw conclusions about the mechanisms through which GP endorsement and telephone contact might be effective as well as the context in which these strategies will be most successful.
Simplification of the testing procedure also tended to be associated with the increased kit return. Hesitation or refusal to partake in CRC screening has been associated with reactions of disgust at the thought of stool manipulation [58] . Interestingly, however, interventions where extra or modified materials were supplied to assist with stool collection and limit contact (e.g., including stool collection wipes or collection papers) were generally not effective. Instead, interventions that reduced the number of steps or the effort required to take the test were more often associated with kit completion and return. For example, the removal of dietary restrictions and issue of immunochemical-based (FIT; 2 sample, with no diet restriction) rather than guaiac-based (gFOBT; 3 sample, with diet restrictions) kits tended to be most consistently effective in increasing kit return and with the largest effects.
Providing participants with advance notification before sending the kit-a practice already standard in many programs-had a consistent, but small effect across the four trials reviewed. Agencies not already issuing advance notifications to potential participants may see modest increases in participation by adopting this method.
Studies that assessed the use of print materials and behavior priming techniques were generally unsuccessful, suggesting the actual content of the printed materials accompanying kits appeared to have less impact on uptake than the source of the content (i.e., GP signed). Strategies that involved adding extra print materials to FOBT kits were largely unsuccessful in encouraging participation. In fact, the inclusion of a narrative information leaflet had a negative effect on kit return in two separate studies, suggesting that excessive information may burden and deter, rather than encourage, participation. The manipulation of text within print materials to prime screening behavior was also, for the most part, unsuccessful. However, only a small group of behavior priming strategies have been trialed. These include highlighting the negative consequences of inaction, intention implementation, and advocacy from others. There is still scope for research into different types of behavior priming interventions and definitive conclusions cannot yet be drawn about the effectiveness of this type of intervention strategy broadly. Nevertheless, according to the evidence reviewed, adding or manipulating printed content has not been supported as a successful intervention strategy.
Other intervention types were underrepresented in the available literature and consequently, the degree to which they are effective is unknown. Our understanding of the effectiveness of outdoor advertising may be strengthened in the future by implementing better controlled experimental designs. Intriguingly, offering a monetary incentive did not show promising results in the current review. No studies examined the use of social media or media campaigns.
Policy and practical implications
Given that mail-out FOBT screening campaigns tend to be population-wide, government-driven initiatives, the current findings have several policy-level implications. For example, the FIT has been adopted by the majority of screening programs internationally; however, programs in some countries including Croatia, Finland, Portugal, and China still distribute the traditional gFOBT kits [9, 59] . Policy-makers in these nations may see a rise in CRC screening and detection rates should they adopt the FIT as their standard screening tool [8, 59] . Similarly, incorporating advance notification as part of the standard protocol for kit distribution should result in small increases in uptake. The current review suggests that resources spent on designing and distributing extra print materials with FOBT kits might be more effectively spent on other intervention methods.
Interventions that involve GPs or other professional endorsement of screening can be affected at a practical level. For example, health professionals and organizations may be able to contribute to increased uptake in CRC screening by contacting patients eligible to receive kits by phone, mail, or in person to encourage screening and provide support during the testing process.
Ultimately, an intervention that combines programlevel changes and the involvement of primary health services may potentially have the most positive effect on uptake. For example, substantial increases in participation could result if kit simplification and endorsement strategies are combined, increasing both intentions to screen and the time and resources one has to complete the test. However, the additive benefits of such approaches have not yet been empirically tested.
Strengths and limitations
This systematic review is the first to focus specifically on methods of increasing uptake in CRC screening via mail-out FOBTs, providing up to date and rigorously obtain information regarding the most effective interventions specific to this form of a public health initiative. However, some limitations apply. Although a comprehensive list of relevant databases was searched, the list was not exhaustive and more articles may have been identified if other databases such as Embase or CEN-TRAL were included. Heterogeneity across interventions was high even within categories; likely reflecting varying methodologies applied in each. It is also important to note that I 2 values are susceptible to over-estimation in large sample sizes and therefore must be interpreted with caution [60] . Nevertheless in the future, when more interventions have been published, researchers may be able to categorize them into more homogenous groups in order to identify the most effective delivery of each specific type of intervention. Although the majority of studies reviewed were rated as having a low risk of bias, a large proportion of interventions came from studies with unclear or high risk of bias. Although the risk of bias had minimal effect on effect sizes, readers are cautioned to consider this, particularly when interpreting the pooled effect of GP endorsement which decreased when interventions from studies with high risk of bias were removed.
Conclusion
Findings from the current review suggest that GP endorsement, telephone interaction, advance notification, and the issue of FIT over gFOBT kits are promising strategies for increasing uptake in mail-out screening programs. Further research is needed to understand the mechanisms underlying the success of these interventions and how they might be applied in different settings. Nevertheless, government and health organizations aiming to increase the general population uptake of FOBT screening for CRC will likely benefit from incorporating these strategies into future interventions. Lastly, it is important to note that the potential increases in uptake from current intervention strategies are modest. Novel or combined approaches to encourage CRC screening may be required if population-wide compliance is to be achieved.
